The thymus glands of 10 bottlenose dolphins, Tursiops truncatus, collected along the Texas Gulf coast were examined using standard histologic and immunocytochemical methods. The thymus gland of Tursiops persists into adult life, represented by medulla and progressively thinning cortex. A network of epithelial cells, including Hassal bodies, is demonstrable using polyclonal anti-cytokeratin antibody. The network condenses, with loss of lymphoid cells as involution progresses. Cysts arise within the condensed network. These cysts, found in eight of 10 animals, increase in number and size with increasing body size. Body size tends to reflect age. Thymic cysts typically have an irregular shape when small but tend to become spherical as they enlarge. They may be lined by squamous epithelium of variable thickness. Eventually, the cysts become macroscopic and filled with a colloidlike material and may largely replace the thymus, which may be identified by noncystic remnants adjacent to the cysts.
phins (Tursiops truncatus) and in the Amazon River dolphin (Inia ge~flrensis).~-'O The dolphin thymus is often intimately associated with one o r more lymph nodes, which may be included within the gland.q The thymus has been observed incidentally in several cetacean species and systematically in a number of bottlenose dolphins (Tursiops) of both sexes and a range of ages (personal observation). In Tursiops collected along the Texas Gulf coast, the thymus frequently undergoes a peculiar pattern of involution and cystic transformation, which has not been previously described. This pattern was studied in 10 animals, and the findings are reported here.
Materials and Methods

Source of animals
The bottlenose dolphins included in this study were collected under the auspices of the Texas Marine Mammal Stranding Network and the National Marine Fisheries Service. The Network is a group of volunteers who salvage beached stranded marine mammals from the Texas coast. The pathologist for the Network (D. F. Cowan) performs necropsies on all animals cast up dead without substantial autolysis or who die shortly after stranding. The collection area includes the entire Gulf Coast of Texas, from Browns-ville at the Mexican border to Sabine Pass at the Louisiana border. It is divided into six geographic areas, designated by code letters incorporated into field collection numbers.
The causes of stranding of cetaceans must be separated from the causes of death. Stranding alone will kill a dolphin within hours from hyperthermia and cardiorespiratory fail-Conditions associated with stranding may have been severe enough to cause death but also may only have led to impairment; thus, a stranded animal may or may not show evidence of chronic disease. Animal condition is important in evaluating changes in the thymus, which undergoes rapid involution in individuals severely stressed by any cause.* Thymus tissue was identified in 10 animals of both sexes and a range of body sizes and ages (Table 1 ). Animals were identified by field accession numbers, which indicate stranding region by letter code and sequence number within the region.
Age determination
Teeth are usually collected for age determination by a method6 now generally accepted by marine mammalogi~ts.~ In this method, a tooth is decalcified, and a histologic section is made. Repeating patterns of dentinal laminations, or growth layer groups (GLG), can be identified and counted at low magnification. Each GLG is thought to represent one year's growth.
Age estimation for young animals by size and general conformation is reasonably accurate when confirmed by tooth age.5 Sexual maturity, which takes place in a related population of Tursiops at about 8-12 GLG in females and 10-15 GLG in males,' is readily determined by examination of the gonads. Males and females appear to grow at about the same 
t Determined from growth layer groups (GLG). TF = term fetus; N D = not determined; est = age estimated. rate while young, but adult males tend to be considerably larger than females of the same age; therefore, age estimation by size alone is not very reliable. Some estimation of "old" versus "young" is often made on the basis of signs of accumulated "wear and tear"; scars, worn or broken teeth, etc.
Selection and sampling
All well-preserved animals are given a complete necropsy with detailed histologic examination of all organs. A postmortem interval of 6-24 hours before collection is usual, making special studies such as electron microscopy often not useful. Tissues are routinely collected in 10% neutral buffered formalin, embedded in paraffin using standard methods, cut at 5 pm, mounted on slides, and stained with hematoxylin and eosin (HE) and special stains as needed. In addition to the usual tinctorial methods, an anti-cytokeratin polyclonal antibody (anti-CK PAB; Biogenex, Dublin, CA) is used to demonstrate Hassal bodies and other epithelial structures in the thymus. This antibody was developed for use in human tissues but also reacts with Tursiops cytokeratin. Testing of a large number of commercial antibodies against epitopes of human lymphocytes has shown few to be of use in Tursiops (personal observation).
Methods for immunohistochemical staining
Tissue sections cut at 4 pm were mounted on poly-l-lysine-coated slides and stained by the three-step labeled avidin-biotin technique." After deparaffinization, the sections were incubated in the primary antibody for 2 hours at 37 C in a moist chamber. Biotinylated goat anti-mouse or antirabbit secondary antibody was then applied for 30 minutes, followed by incubation with horseradish peroxidase-labeled avidin for 30 minutes. Diaminobenzidine was used as a substrate for 5 minutes. Brown granular staining at typical reaction sites indicated specific antibody binding.
Two kinds of controls were used, one for quality of fixation and one for specificity of reaction. Control for specificity was a sample of human tissue in which the antibody had been shown to work reliably. Anti-vimentin antibody was used as a control to verify quality of fixation in the test tissues. We used a procedure recommended by a major supplier of antibodies (Dako, Carpinteria, CA) to restore antigen activity lost because of formalin fixation. This method involves boiling the slide-mounted tissue in a Coplinjar in 10 mM sodium citrate buffer at pH 6.0 for 5 minutes in a microwave oven before application of the primary antibody.
Results
The thymus of Tursiops is found in the anterior mediastinum, just behind the sternum, close by the thyroid gland. It may actually overlie the thyroid. In young animals the thymus extends distally and is associated with the carotid branches of the aorta. In five of 10 animals, lymph nodes were found either close to or, in two instances, in the thymus. Parathyroid glands were found in the capsule of the thymus twice. In the young bottlenose dolphin, the thymus is easily recognized by its location, its soft finely lobular texture, and its color, which ranges from tan to red-brown depending on the state of preservation.
Use of an anti-CK PAB reveals a delicate reticulum of epithelial cells throughout the thymic lobule, most dense in the region of the medulla. Hassal bodies bind the antibody very well. In the very young animal, thymic lobules are very cellular and closely packed, with rounded margins. Cortex and medulla are well defined. Cytokeratin-positive cells form an irregular thin layer under the capsule and a denser net in the center of the lobule (Fig. 1) . As age increases, the lobules become smaller and more angular. Condensation causes the cortical CK-positive layer to become increasingly dense (Fig. 2) . With further shrinkage, the lobules become separated by increasing amounts of loose fatty connective tissue. As the cortex thins, small irregular cysts begin to appear within an occasional lobule in the CKpositive layer (Fig. 3) . As these cysts enlarge, the entire lobule may be replaced. With further involution, lobules become smaller and more widely separated and cysts may become substantially larger than the lobule replaced but retain irregular outlines (Fig. 4) . Finally, cysts become round and macroscopic, up to 5 mm diameter; thymic lobules are sparse (Fig. 5 ). The cystic thymus may resemble thyroid gland. Cyst linings, however thin, remain CK-positive. Occasionally, a cyst is partly lined by squamous epithelium (Fig. 6 , Table 1 ).
Thus, involution and loss of lymphocytes results in condensation of the epithelial reticulum, forming a prominent cytokeratin-positive cortical network. In most animals, this network splits or cleaves to form initially flat and later, with progression, convoluted to round cysts. The lining of the cysts may be several cell layers thick and in some instances present an overtly squamous appearance. Cyst formation does not occur in every lobule, and cysts may vary considerably in size and shape.
Discussion
In the young bottlenose dolphin, the thymus shows the typical microscopic features of cortex, medulla, epithelial reticulum, and Hassal bodies. Thymic epithelium, including Hassal bodies, reacts strongly with anti-CK PAB. The cortex involuted early but not completely in the animals studied. The medulla persists and is readily recognized as islands, with central vascular cores surrounded by fibrous tissue. An occasional Hassal body can be found, even in the oldest dolphins.
In eight of 10 dolphins, cysts formed in condensed thymic epithelium and were first seen in an animal thought to be about 3-4 years old. Cysts became larger and more frequent with age. When small, they involve only part of the lobule. When very large, they are found in adipose tissue with little recognizable thymus tissue. In all cysts, the lining epithelium reacts with anti-CK
PAB.
In the older animal, it is hard to tell grossly an involuted thymus from nonthymic fat, although it is easy to identify it microscopically. Often, colloid-filled cysts replace the thymus, which may be mistaken for thyroid gland because of its location.
Epithelial thymic cysts are uncommon but impor- tant in human medicine, because they may compress adjacent structures and must be differentiated from neoplasms. Most result from persistence of the thymopharyngeal duct,ls4 but some are foci of cystic degeneration in a t h y m~m a .~ Developmental and neoplastic cysts of these types are not like the cysts in the dolphin thymus, which develop in the organ and do not appear to be the residue of embryologic events. Dolphin thymic cysts develop from epithelium normally present throughout the thymus, which with involution becomes condensed and eventually cleaves to form the cysts.
These cysts tend to become more frequent with age and to progressively enlarge. This finding may mean that cysts are associated with aging per se, but it could as well reflect time at risk or duration of exposure to some as yet unrecognized hazard in the environment. Why only some parts of the thymus develop cysts and others do not is unknown. Thymic cysts in the bottlenose dolphin have not been reported, even though when large they are easily found. Because of their colloidlike content, they m a y be mistaken for thyroid tissue. Because other observations are lacking, it is not known whether thymic cysts are peculiar to bottlenose dolphins of the Texas Gulf Coast. Fig. 4a . Lobule is entirely occupied by a cyst. Bar = 0.1 mm. Fig. 4b . Adjacent section. 
